Studies of the adsorption of alkali metals on metals have played an important role in the development of theories of adsorption. However, until recently, very few quantitative structural results were available for these systems, with the result that theoretical models have assumed adsorption to occur on sites of high symmetry on unperturbed substrates [1, 2] . That this assumption is not generally valid was first demonstrated by a surface extended x-ray absorption fine structure (SEXAFS) study [3] of the adsorption of Na on Al(111) at room temperature, which showed that the (J3XJ3)R30' structure involves a reconstruction of the substrate. This completely unexpected [4) result was confirmed [3, 6] by ab initio, total-energy calculations using density-functional theory (DFT). Further confirmation has been provided more recently via high-resolution core level spectroscopy [7] (HRCLS), normal incidence standing x-ray wave field [8] (NISXW), and low energy electron diffraction [9] (LEED). The observed reconstruction, of a close-packed fcc(111) surface has added a new dimension to the discussion of alkali metal adsorption and has stimulated recent studies in which the possibility of strong perturbations of the substrate structure has been considered.
Thus it has been shown that adsorption of K on Al(111) and Na on Al(100) leads to a reconstruction of the substrate [10] [11] [12] . [13] and Ni(100) [14] , K and Cs on Ru(0001) [15, 16] , and Na on Ni(100) [17] [10] .
In the case of adsorption on Al surfaces, the question arises as to whether reconstruction of the substrate is limited to the adsorption of Na and K. It is known from LEED and HRCLS studies [10, 12] [18] . This suggestion conllicts with the conclusions of a NISXW study [8] A detailed account of the experimental and calculational procedures used in this work will be given elsewhere [20] . LEED intensity-energy spectra were measured using a video-LEED system [10, 21] I and 2) that the geometrical structure is dilI'erent in the two (J3XJ3)R30' phases. The R factor for this comparison was 0.54. Spectra taken after adsorption at 100 K and annealing to 300 K were closely similar (R=0.07) to spectra taken after adsorption at 300 K, revealing the occurrence of an order-preserving phase transition from the 100 K structure to the 300 K structure.
The geometry of the two different structures was determined by minimizing the R factor for the comparison of experimental lt'IP(E) and calculated Ifg'(E) intensityenergy spectra, as a function of the structural and nonstructural variables of the calculations. The R factor is defined [22, 23] LEED intensities were calculated using the full dynamical theory of LEED. Atomic scattering matrices were calculated using 14 phase shifts, calculated from bandstructure potentials [24] for Al and Rb, and were renormalized for thermal vibrations using root-mean-square (isotropic) vibrational amplitudes uab for Rb atoms, and uA~~and upJb u, for Al atoms in the first Al layer and bulk, respectively.
The complex electron self-energy Z Vo+i V; was taken to be independent of energy. In order to determine the gross features of the Rb adsorption site, an initial survey was carried out of models involving threefold hollow, onefold on-top, or sixfold substitutional sites, compatible with the experimentally observed symmetry.
For the 300 K structure, this led directly to the identification of the quasisubstitutional site, as sketched in Fig. 3(b) . A Fig. 3(a) , in which the Al atoms directly beneath adsorbed Rb atoms are displaced inward with respect to the remaining atoms of the layer. A refinement of the model parameters in which Al atoms in all layers were given the same vibrational amplitudes uA1 1i 1k led to R =0. 18 for a vertical separation of hr =0.29 A between the two sublattices of the rumpled layer, and uA1 1,"1k =0.09 A. Howev- er, a further refinement, in which both the vibrational amplitudes uA1,~o f Al atoms in the rumpled Al layer and ug1b"1k were varied, produced a dramatic improvement [25] [8] that Na adsorption represents a special case in this respect can be rejected. The occupation by Rb of an ontop site in the 100 K structure is similar to that found 3372 previously [10] for K, and confirms the conclusion for Rb based on a NISXW study [8] . [19] will clarify the possible roles of vibrational energy and entropy in the choice of the stable structure for this system.
